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2 Overview. 
TLF3000 is a wideband, ultra-high dynamic range 2.4 GHz software-defined receiver, signal analyser 

and signal generator. It captures and analyses the entire 2402-2480 MHz band simultaneously. It can 

also generate arbitrary waveforms occupying the band 2395-2485 MHz with a maximum peak level 

of 0 dBm. Additionally, it includes a CW signal generator covering 25MHz to 6GHz with a typical 

output level of -50 dBm to -28 dBm 

Zircon is a Bluetooth® 5 BR/EDR configuration for the TLF3000 software-defined receiver, signal 

analyser and signal generator. The Zircon configuration can: 

1. Act as either a signalling or non-signalling tester. 

2. Perform the majority of phy level tests as specified in Bluetooth Radio Frequency Test 

Specification without the need for additional test equipment. Testing beyond the limits of 

the specification is also supported. 

3. Act as a signal generator, creating all necessary signals for receiver testing including signals 

outside the specification. Additional test equipment is required to perform high level out-of-

band blocking tests. 

4. Act as a signal analyser, performing transmitter and receiver tests which are manually 

configured. 

5. Act as a packet sniffer with live output to Wireshark or data archive in pcap-ng format. 

The configuration has been honed for speed. The TLF3000 possesses a unique parallel architecture 

to maximise throughput. 

A key feature of the unit is its ability to perform C/I receiver selectivity and intermodulation tests 

without the need for additional test equipment. This is possible due to TLF3000Ωǎ ultra-linear 

wideband signal generator. This permits both wanted and interfering signals to be generated 

through the same signal path. The high linearity and low noise floor ensure that there is ample 

dynamic range to encompass both the wanted and interfering signals. Furthermore, high fidelity 

filtering of the interfering signals ensures that they are correctly bandlimited and that unwanted 

sidebands are not responsible for test failures; this is frequently overlooked when external test 

equipment is used to provide these signals. The single signal path also removes the need for time 

consuming and laborious calibration of signal combiners as well as eliminating the need to ensure 

that the injected interfering and wanted signals do not generate intermodulation products before 

arriving at the DUT. 

Unique to TLF3000 is a 25 MHz to 6 GHz signal generator. The source is not capable of providing the 

strong blocking signals required by the RF test specification, but it is sufficient to enable receiver 

blocking performance to be explored in the 2 to 3GHz region. 

The Zircon configuration is highly parameterised, permitting it to be configured for different 

scenarios. For example: 

1. The unit may be controlled directly from a host machine via USB or Ethernet. 

2. The unit can be operated in either signalling or non-signalling mode. 
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3 Control. 

3.1 Overview 

Zircon can be controlled in three ways: 

Control method Interface 

 USB Ethernet 

Python V V 

C dll V V 

Zircon GUI V V 

Table 1: Methods of Controlling Zircon 

3.2 Python or C dll 

Python and C dlls can be provided for driving the Zircon application. These can connect to the 

Moreph30 unit over either USB or Ethernet. 

3.3 Zircon GUI 

A GUI is shipped with the Zircon application. This permits the application to be controlled via a host 

running Windows, Linux or OS X. The GUI connects to the Moreph30 either over USB or Ethernet. 

The GUI exposes the majority of the Zircon functionality. 

The GUI may also be used to generate test script files in a format which can be used by the Python 

and C dlls. 
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4 Operating Modes. 

4.1 Overview 

Zircon has three main operating modes: 

Mode DUT control Test control Tx Test Rx Test 

Loopback tester Over-the-air Script V V 

Signal generator None User  V 

Signal analyser Over-the-air User V V 

Table 2: Zircon operating modes overview. 

In addition to the three main operating modes, Zircon also supports packet sniffing and LMP 

message monitoring to aid debugging of DUT connection issues. 

4.2 Loopback tester 

The loopback tester mode executes tests in accordance with the Bluetooth Radio Frequency Test 

Specification. The tests to be performed are entered into a script which is then executed by Zircon. 

The DUT is automatically controlled by Zircon over-the-air. 

All tests are fully parameterised, permitting exploration of margin against the Bluetooth 5 

specification or datasheet figures. 

4.3 Signal Generator 

The signal generator mode permits manual control of all the signal sources used in the Bluetooth 

Radio Frequency Test Specification. Any combination of the following signals can be generated 

simultaneously: 

1. Packetised BR/EDR test signal 

2. Continuously modulated or packetised BR interferer signal 

3. Up to three independent in-band CW signals, which may be pulsed 

4. In-band AWGN, which may be pulsed 

5. Out-of-band CW signal. 

All signal sources are fully parameterised. 

4.4 Signal Analyser 

The signal analyser mode monitors all 79 BR/EDR channels simultaneously. The signal analyser will 

process unwhitened packets in accordance with the transmitter tests contained within the Bluetooth 

Radio Test Specification. 

When in signal analyser mode, the DUT may either be controlled over-the-air or independently using 

ǘƘŜ ŎƘƛǇ ǾŜƴŘƻǊΩǎ ǘƻƻƭǎΣ ƛŜ ǘƘŜ ǎƛƎƴŀƭ ŀƴŀƭȅǎŜǊ Ŏŀƴ ōŜ ƻǇŜǊŀǘŜŘ ƛƴ ŜƛǘƘŜǊ ŀ ǎƛƎƴŀƭƭƛƴƎ ƻǊ ƴƻƴ-signalling 

mode. If the DUT is controlled over-the-air, then it is possible to perform receiver tests as well as 

transmitter tests. 

The signal analyser mode also permits the capture of raw IQ data. 
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5 Launching the Zircon GUI. 
In order to communicate with the TLF3000 unit, it is necessary to attach it to a host computer via 

USB or Ethernet (or both). An Ethernet connection is only possible if the host computer and TLF3000 

unit reside on the same subnet. The TLF3000 IP address can be changed by connecting it to a host 

computer via USB and using the Teledyne LeCroy Wireless PHY Tester. 

To launch the Zircon GUI it is first necessary to run Teledyne LeCroy Wireless PHY Tester. This should 

result in the following screen being displayed: 

 

Figure 1: Teledyne LeCroy Wireless PHY Tester main screen. 

This screen indicates that the following TLF3000 devices have been discovered: 

1. Serial number 0000008A connected via USB (highlighted) 

2. Serial number 00000000 connected via USB 

The right-hand side of the window has three tabs: 

1. Configuration. Shows which configurations are licensed to run on this unit. It also permits 

the loading of new licence keys. 

2. Network. Shows the current network settings and permits these to be modified. 

3. Info. Provides more ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ǳƴƛǘ ŀƴŘ ǇŜǊƳƛǘǎ ǘƘŜ ǳƴƛǘΩǎ ŦǊƛŜƴŘƭȅ ƴŀƳŜ ǘƻ ōŜ 

modified. It also provides a means of updating the firmware on the unit. 
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To launch the Zircon configuration open the Ψ/ƻƴŦƛƎǳǊŀǘƛƻƴΩ  tab and then either: 

1. Double click on the BT 5BR/EDR RF Tester configuration 

2. Highlight the BT 5 BR/EDR RF Tester configuration ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ǘƘŜ άRun Appέ ōǳǘǘƻƴΦ 

On launching the configuration, the searching cursor should stall, the fan on the TLF3000 unit will 

start to spin and after a few seconds the Zircon GUI will load. 
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6 Anatomy of the Zircon GUI. 

6.1 Overview 

The Zircon GUI is composed of the following elements: 

1. A tool bar along the top of the window 

2. A monitor panel to the right of the window 

3. A status bar at the bottom of the window 

4. Mode tabs located immediately underneath the tool bar 

5. A mode control panel to the left of the window 

6. A graphics area 

7. A scripting/tabular results area below the graphics area 

8. An expandable device status area above the graphics area 

 

Figure 2: Zircon GUI 

6.2 Toolbar 

The toolbar contains the following elements: 

6.2.1 Open and save 

 

Opens and loads a settings file. Settings are saved individually for each mode of operation. The 

appropriate settings file is automatically selected on the basis of the current mode tab. 
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Saves the settings, results or log files. Settings are saved individually for each mode of operation. 

The choice as to whether settings, results or log files are saved is determined by the file 

extension which is selected. This tool can also be used to save test scripts in the format required 

by the native programming language. 

6.2.2 Screen capture 

 

Saves the current graphics area as an image file. A variety of image file formats are supported. 

 

Takes a screen shot of the GUI and saves as an image file. A variety of image file formats are 

supported. 

6.2.3 Zooming 

 

Activates the cross-hair cursor which permits zooming within in the graphics area. Depress the 

left mouse button whilst dragging the cursor to select the area to be displayed. Clicking the right 

mouse button within the graphics area will give a list of additional zoom options. 

 

Zooms out within the graphics area. Clicking the right mouse button within the graphics area will 

give a list of additional zoom options. 

 

Pans within the graphics area. Hold down the left mouse button and drag to pan anywhere 

within the graphics display. 



 
TELEDYNE LECROY 
 

 
 
16 TLF3000 Zircon Reference Manual V2.0 
 

 

Pans along the x-axis within the graphics area. Hold down the left mouse button and drag 

horizontally. This is particularly useful for examining long waveforms. 

 

Pans along the y-axis within the graphics area. Hold down the left mouse button and drag 

vertically. 

6.2.4 Device control 

 

Inquiry button. Clicking this icon will result in a device inquiry being performed. The device 

status area will be expanded to show the devices which are discovered. Whilst the inquiry is in 

progress the icon will change to: 

 

Device inquiry in progress. The device inquiry can be stopped by clicking the icon. 

 

Device page and connect icon. When clicked the configuration will attempt to page and connect 

to the device selected in the device status window. Once connected the icon will change to: 

 

Device connected icon. This shows that a device is currently connected. If this icon is clicked 

then the device will be disconnected. 
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6.2.5 Run and clear 

 

Causes the currently selected mode to run. NOTE: the signal generator will not output energy 

until this is clicked. 

 

Stops the currently selected mode running. A running operation will automatically be aborted if 

a different mode of operation is selected. 

 

Clears the current results history (not applicable in signal generator mode or packet sniffer 

mode). Any error messages will also be cleared. 

 

Measure the frequency and amplitude of a CW signal. Only applicable in loopback test mode. 

6.2.6 Help 

 

Displays the online documentation in a web browser. 

 

Displays version information. 
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6.3 Monitor panel 

6.3.1 Overview 

The purpose of the monitor panel is to permit the user to quickly ascertain whether: 

1. There is RF energy being emitted from the unit 

2. There is RF energy being received by the unit 

Whenever the unit or DUT appears to be unable to receive, the monitor panel should always be the 

first item to examine. Many problems can be quickly resolved with the information that it displays. 

The monitor panel also determines which RF port is being used and provides manual control of the 

receiver front-end attenuation. 

6.3.2 Output power 

The output power gauge shows the energy being emitted by the TLF3000. The gauge is only 

approximate and should not be used for accurate measurements. 

The red arc indicates the overload region. If an overload does occur, this will be evident by the 

ΨhǳǘǇǳǘ tƻǿŜǊ όŘ.ƳύΩ label turning red and a warning message being displayed in the status bar. 

The output power gauge only shows the energy being emitted within the 2.4 GHz ISM band. Energy 

from the out-of-band CW blocker is not included, even if its frequency lies within the 2.4 GHz ISM 

band. 

6.3.3 Input power 

The input power gauge shows the energy incident on the selected TLF3000 input port. The gauge is 

only approximate and should not be used for accurate measurements. 

The red arc indicates the overload region. If an overload does occuǊΣ ǘƘƛǎ ǿƛƭƭ ōŜ ŜǾƛŘŜƴǘ ōȅ ǘƘŜ ΨLƴǇǳǘ 

tƻǿŜǊ όŘ.ƳύΩ label turning red and a warning message being displayed in the status bar. It may be 

possible to remove a receiver overload condition by: 

1. Adding additional receiver front-end attenuation using the control at the bottom of the 

monitor panel. 

2. SǿŀǇǇƛƴƎ ǘƻ ǘƘŜ ΨTx/RxΩ RF port iŦ ǘƘŜ ΨaƻƴƛǘƻǊ LƴΩ wC ǇƻǊǘ ƛǎ ōŜƛƴƎ ǳǎŜŘ. 

The input power gauge only shows energy within the 2.4 GHz ISM band. F-bar filters at the front of 

the receiver chain ensure other energy is eliminated and cannot block the receiver. 
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6.3.4 Input port 

The input port switch selects which of the two RF input ports will be used: 

1. ¢ƘŜ ΨMonitor InΩ port is suitable for off-air monitoring and has a noise figure of 6 dB. In 

benign environments no additional receiver front-end attenuation should be required. 

However, in environments with strong Wi-Fi activity, it may be necessary to add receiver 

front-end attenuation to prevent overload conditions. 

2. ¢ƘŜ Ψ¢x/RxΩ port is suitable for conducted measurements. If the DUT is capable of outputting 

more than +10 dBm, it may be necessary to add receiver front-end attenuation to prevent 

overloading the receiver. 

6.3.5 Input attenuation 

These controls are used to select the receiver front-end attenuation. The attenuation may be 

adjusted by: 

1. Moving the slider 

2. Using the up/down arrows on the spin box 

3. Typing a numeric value into the spin box text area 

The available attenuation range is 0 to 31.5 dB in steps of 0.5 dB. 

6.4 Status bar 

6.4.1 Overview 

The status bar at the bottom of the window is divided into four areas: 

1. Friendly name of the TLF3000 unit 

2. Serial number of the TLF3000 unit 

3. Overload indicator 

4. Error message text 

5. Current data and time 

6.4.2 Friendly name 

Displays the TLF3000 friendly name. This may be modified using the Info tab on the 

ApplicatonLoader. 

6.4.3 Unit serial number 

Displays the TLF3000 serial number as an 8 digit hexadecimal value. 

6.4.4 Overload indicator 

The overload indicator will turn red when an overload condition occurs on either the transmitter 

output or the selected receiver input port. The text of the message will indicate where the overload 

condition is occurring. 
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6.4.5  Error message text 

The error message text reflects the last error detected by the Zircon configuration running on the 

TLF3000 unit. This messŀƎŜ ƛǎ ŎƭŜŀǊŜŘ ǿƘŜƴ ŜƛǘƘŜǊ ǘƘŜ ΨwǳƴΩ ƻǊ Ψ/ƭŜŀǊΩ buttons are pressed, or when 

a different operating mode is selected. 

6.4.6 Data and time 

The current data and time are displayed at the bottom right of the status bar. 

6.5 Mode tabs 

The operating mode is selected by the tabs immediately underneath the tool bar. The following 

operating modes can be selected: 

1. Loopback tester 

2. Signal generator 

3. Signal analyser 

4. Packet sniffer 

5. DUT control 

In addition, it is possible to display a page showing the health of the TLF3000 unit. 

Whenever a new mode of operation is selected, any currently running tests are aborted. 

6.6 Mode control panel 

For each operating mode, a mode control panel is displayed to the left of the window. This panel 

allows the user to define the parameters for the current operating mode. The contents of the mode 

control panel are mode-specific. 

In the case of the loopback tester and signal analyser, the mode control panel is divided into two 

tabs: 

1. Configuration. This tab contains parameters which control the over-the-air signalling to the 

DUT and govern how data will be collected. 

2. Analysis. This tab contains parameters which determine how results from the collected data 

will be displayed. 

6.7 Graphics area 

In the loopback tester and signal analyser modes of operation, a graphical representation of the 

results is displayed in the graphics area. Which results are displayed and how they are displayed are 

determined by the settings in the ΨAnalysisΩ tab on the mode control panel. 

In the signal generator mode, the graphics area provides a visual indication of which signals have 

been programmed. Note that the graphics area only shows what has been programmed; to make 

the programmed signals appeaǊ ŀǘ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ ǇƻǊǘΣ ǘƘŜ ΨtƭŀȅΩ button within the tool bar must be 

activated. 
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In the packet sniffer mode, the graphics area shows a spectral display of the prevailing RF 

environment. 

In the DUT control mode, the graphics area displays the LMP messages which have been exchanged 

between the tester and the DUT. The most recent messages are displayed at the top of the screen. 

6.8 Scripting/tabular results area 

In the loopback tester mode, the region below the graphics area is used for constructing and 

displaying test scripts. This area also indicates whether the tests have been run, and if so, whether 

they passed or failed. 

In the signal analyser mode, the region below the graphics area is used to display tabular results. 

Which results are displayed is deǘŜǊƳƛƴŜŘ ōȅ ǎŜǘǘƛƴƎǎ ƻƴ ǘƘŜ Ψ!ƴŀƭȅǎƛǎΩ tab in the mode control 

panel. The results tables also contain test limits which can be adjusted by the user. Tests that fail the 

limits are highlighted. The contents of the graphics display area can also be controlled by highlighting 

rows within the results table. 

The scripting/tabular results area is not used in signal generator mode, packet sniffer mode or DUT 

control mode. 

6.9 Device Status Area 

The device status area is available in loopback test mode, signal analyser mode and DUT control 

mode. It can be expanded or collapsed by clicking on the arrow head at the top left of the window. It 

will automatically be expanded when an inquiry is performed and automatically collapsed when a 

test is started. 

The device status area is able to display the addresses of up to 3 devices which were discovered 

during an inquiry. An individual device may be selected to participate in the test by checking the 

ΨPageΩ box directly underneath the address. At the current time only one device may be selected. 

Future versions of the Zircon configuration may permit more than one device to be selected in 

loopback test mode. 

When a test is running, the indicator boxes below the device address should be greyed. The 

ΨBasebandΩ box indicates that the TLF3000 has successfully made a baseband connection with the 

device. The ΨTest modeΩ box indicates that the DUT has successfully entered test mode. This box may 

flicker each time a change to the DUT test mode parameters is initiated. 
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7 Signal Generator Mode. 

7.1 Overview 

The signal generator is able to produce any combination of the following signals: 

1. Packetized BR/EDR test signal 

2. Continuously modulated or packetised BR interferer signal 

3. Three independent in-band CW signals which may be pulsed 

4. In-band AWGN which may be pulsed 

5. Out-of-band CW signal. 

The mode control panel on the left-hand side of the screen lists the signals which can be generated. 

The switch to the left of the signal name programs the signal on or off. Although a signal may be 

programmed on, no output is generated from the unit until ǘƘŜ ΨtƭŀȅΩ button in the tool bar is 

activated. 

The top graph in the graphics window shows a symbolic representation of signals generated within 

the 2.4 GHz ISM band. The graphics assume a resolution bandwidth of 100 kHz, hence the displayed 

levels for modulated signals will be slightly lower than their programmed levels. 

The bottom graph in the graphics window shows a symbolic representation of the signals generated 

between DC and 6 GHz. The graphics assume a resolution bandwidth greater than modulation 

bandwidth, hence all signals appear at their programmed levels. 

 

Figure 3: Zircon GUI in signal generator mode. 

7.2 RF connections 

The signal generator output is on the Tx/Rx port. 
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7.3 Programming the packetised BR/EDR signal 

7.3.1 Overview 

To turn the packetised BR/EDR signal on or off, toggle ǘƘŜ ǎǿƛǘŎƘ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ Ψ²ŀƴǘŜŘΩ text. 

To program the packetised BR/EDR signalΣ ŜȄǇŀƴŘ ǘƘŜ Ψ²ŀƴǘŜŘΩ signal menu by clicking on it: 

 

Figure 4: Programming the packetised BR/EDR signal. 

7.3.2 Carrier frequency 

The frequency of the carrier can be set anywhere between 2395MHz and 2485MHz inclusive in 

1MHz steps by: 

1. using the channel number spin box 

2. using the frequency spin box 

As with all spin boxes, adjustment can be performed either by using the up/down arrows or by 

entering a numeric value into the text field. 

7.3.3 Amplitude 

The amplitude of the wanted signal can be adjusted from -120 dBm to 0 dBm for basic rate packets 

and -120dBm to -3.1dBm for EDR packets. For EDR packets, the amplitude denotes the average 

power in the EDR portion of the packet. The total combined peak output power of the unit within 

the 2.4 GHz ISM band is limited to 0 dBm. Therefore, if other signals are active, the maximum output 

power for the wanted signal will be reduced to maintain the peak output power within the 0dBm 

limit. 



 
TELEDYNE LECROY 
 

 
 
24 TLF3000 Zircon Reference Manual V2.0 
 

7.3.4 EDR Amplitude 

When an EDR packet type is selected, a spin box is visible which permits the relative level of the 

GFSK portion of the packet to be set relative to the EDR portion of the packet. The average energy in 

the GFSK portion of the packet may be set between +3dB and -1dB relative to the power in the EDR 

portion of the packet. 

7.3.5 Packet type selection 

A combo box permits any one of the possible Bluetooth packet types to be generated. Support of DV 

packets is incomplete. Changing the packet type may impact on which other options are displayed. 

7.3.6 Modulation 

A combination box is used to display the modulation which will be used, ie BR, 2-EDR or 3-EDR. The 

modulation cannot be changed directly but is deduced from the packet type which has been 

selected. 

7.3.7 LAP 

The LAP used to generate the packet synch word is displayed as a 6 digit hex number. It can be 

changed by typing over the displayed digits. 

If the selected packet type is ID packets, then a checkbox is provided to force the LAP to the general 

inquiry LAP. 

7.3.8 UAP 

The UAP used to generate the header error checksum (HEC) is displayed as a 2 digit hex number. It 

can be changed by typing over the displayed digits. 

7.3.9 Whitening 

A checkbox indicates whether the contents of the packet will be whitened. If whitening is selected, 

then the lowest 8 bits of the Bluetooth master clock, CLK[7:0], are displayed as a 2 digit hex number. 

Bits 1 through 6 are used to determine the whitening seed. Bits 0 and 7 are ignored. The value of 

CLK[7:0] can be changed by typing over the displayed digits. 

7.3.10 Packet header 

The contents of the packet header are displayed as five separate fields. Each field has the LSB on the 

left-hand side: 

1. LT_ADDR. This is displayed as a 3 bit binary number. Each bit can be toggled by clicking on it. 

If the signal generator is to be fed into the signal analyser of a second TLF3000 unit, then set 

the LR_ADDR to 1. 

2. TYPE. The packet type field is displayed as a 4 bit binary number. This is deduced from the 

packet type selection combo box and cannot be edited directly. 

3. FLOW. The FLOW field is a single bit binary number which can be toggled by clicking on it. 

4. ARQN. The ARQN field is a single bit binary number which can be toggled by clicking on it. 

5. SEQN. The SEQN field is a single bit binary number which can be toggled by clicking on it. 
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7.3.11 Payload octets 

If the selected packet type contains a payload, then a spin box showing the number of payload 

octets is displayed. The number of octets does not include any payload header or CRC, if present. 

7.3.12 Payload header 

If the selected packet type requires a payload header, then this is displayed as three binary fields. 

Each field has the LSB on the left-hand side: 

1. LLID. This is a 2 bit binary number which can be modified. Individual bits can be changed by 

clicking on them. 

2. FLOW. This is a 1 bit binary number which can be modified by clicking on the displayed digit. 

3. LENGTH. This is either a 5 or 10 bit field, depending on packet type. It displays a binary 

representation of the payload length. This field is not editable directly but is set based on 

the payload length spin box. 

7.3.13 Payload 

The packet payload can be set to any one of the following (least significant bit first): 

1. PRBS9 sequence 

2. PRBS11 sequence 

3. PRBS15 sequence 

4. PRBS20 sequence 

5. PRBS23 sequence 

6. PRBS29 sequence 

7. PRBS31 sequence 

8. 11110000 repeated 

9. 10101010 repeated 

10. 11111111 repeated 

11. 00000000 repeated 

12. 00001111 repeated 

13. 01010101 repeated 

14. User defined 

LŦ ǘƘŜ ά¦ǎŜǊ ŘŜŦƛƴŜŘέ ƻǇǘƛƻƴ ƛǎ ǎŜƭŜŎǘŜŘΣ then a hex representation of the packet payload is displayed 

below the packet payload combination box. The payload may be edited by directly typing over the 

displayed hex digits. 

7.3.14 FEC 

The FEC to be applied to the packet is shown on a single status line. This is deduced from the packet 

type selected and cannot be edited directly. 

7.3.15 CRC 

A single status line shows whether a CRC will be added to the packet payload. This is deduced from 

the packet type selection and cannot be edited directly. 
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7.3.16 Number of packets to generate 

If the ΨRepeat foreverΩ box is checked, then the signal generator will continue to send BR/EDR 

packets until the ΨRUN/STOPΩ button in the toolbar is reset. 

If the ΨRepeat foreverΩ box is unchecked, then a spin box is displayed which determines the number 

of packets which will be generated. These packets will commence as soon as the Ψw¦bέκ{¢htΩ 

button in the toolbar is pressed. If any packet parameters are changed during transmission, then the 

previous transmission will be cancelled, the number of packets transmitted reset to zero and a new 

sequence of packets with the modified parameters sent. 

The minimum number of packets which can be generated is 1 and the maximum number is 65535. 

7.3.17 Packet interval 

The packet interval is defined as the time between the start of the preamble of one packet and the 

start of the preamble of the subsequent packet. This interval can be adjusted using the packet 

interval spin box. The minimum packet interval is dependent on both the payload length and the 

modulation scheme. The maximum packet interval is 5s. 

The packet interval may change automatically if either the payload length or packet type is changed.  

7.3.18 Packet timing jitter 

It is possible to impose timing jitter on the start of each packet. The timing jitter is relative to the 

expected packet start time, not relative to the previous packet. Hence the mean symbol timing is 

correct even if packet timing jitter is enabled. 

The packet timing jitter combo box permits 3 different types of jitter distribution: 

1. No jitter 

2. Uniformly distributed jitter 

3. Gaussian distributed jitter (approximate) 

If one of the options other than ΨNo jitterΩ is selected, then a spin box appears which permits the 

peak jitter to be entered. The peak jitter can be set between 0µs and 1s. If the jitter extends into the 

period where a subsequent packet is expected to be transmitted, then that packet will be dropped. 

7.3.19 Dirty transmitter 

7.3.19.1 Overview 

By selecting dirty transmitter mode, it is possible to control: 

1. Modulation index 

2. Carrier offset 

3. Carrier drift magnitude 

4. Carrier drift rate 

5. Symbol timing error 
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The carrier drift is applied in accordance with the Bluetooth Radio Frequency Test Specification. For 

basic rate packets the carrier drift is specified as: 

1. The carrier drift at the start of each packet is zero. 

2. The carrier drift follows a sinusoidal variation whose frequency is determined by the drift 

rate parameter. 

3. The magnitude of the sinusoidal variation is determined by the drift magnitude parameter. 

4. Successive packets have the sign of the carrier drift reversed. 

The carrier drift for EDR packets is identical except that no carrier offset is applied during the GFSK 

portion of the packet and the carrier drift commences at the start of the EDR synchronisation word. 

The GUI holds 4 different sets of waveform distortions which are applied to different packet types: 

1. Basic rate single slot packets 

2. Basic rate 3 slot packets 

3. Basic rate 5 slot packets 

4. EDR packets 

/ƭƛŎƪƛƴƎ ƻƴ ǘƘŜ Ψ²ŀǾŜŦƻǊƳ ŘƛǎǘƻǊǘƛƻƴǎΩ button will pop-up the dirty transmitter dialog which displays 

the waveform distortion table which is currently in use: 

 

Figure 5: Dirty transmitter dialogue box displaying the waveform distortion table currently in use. 

For basic rate packets the transmitted signal is divided into segments 20ms long. Packets residing in 

the first segment are transmitted using the distortions defined in the first row of the waveform 

distortion table, packets in the second segment are transmitted using the distortions defined in the 

second row of the waveform distortion table, etc. Once all the rows in the waveform distortion table 

have been exhausted, the first row is reused. 
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For EDR packets, the same scheme is used except that the packets are divided into segments which 

are each 20 packets long. 

Each individual distortion specified in the waveform distortion table can be adjusted using the 

associated spin box, either by using the up/down arrows or by entering a numeric value into the text 

field. The parameters can be varied over the following ranges: 

Parameter Minimum value Maximum value 

Carrier offset -250 kHz +250kHz 

Modulation index 0.23 0.40 

Drift magnitude -78 kHz +78 kHz 

Drift rate 0 Hz 20000 Hz 

Symbol timing error -100 ppm +100 ppm 

Table 3. Ranges over which the transmit distortions may be varied.  

7.3.19.2 Editing the waveform distortion table 

A row in the table can be selected by left or right clicking on the packet group number in the first 

column. Once a row in the packet group table has been selected, an edit menu can be popped-up by 

right clicking anywhere in the selected row. 

The edit row permits the following operation to be performed: 

1. Copy. The contents of the selected row are copied into the waveform distortion clipboard 

2. Paste. The contents of the waveform distortion clipboard are copied into the selected row 

(this option is only available if the waveform distortion clipboard is not empty) 

3. Remove. The selected row is deleted from the waveform distortion table. 

4. Clear All. The entire waveform distortion table is deleted. Once the table has been cleared, a 

new entry can be inserted by clicking immediately underneath the table header. 

5. Insert above. A new entry is inserted above the selected row. The new entry has no 

distortions and a modulation index of 0.32. 

6. Insert below. A new entry is inserted below the selected row. The new entry has no 

distortions and a modulation index of 0.32. 

7. Duplicate. The selected row is duplicated. 

A new row can be inserted at the end of the waveform distortion table by clicking immediately 

below the last row. The new entry has no distortions and a modulation index of 0.32. 
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7.3.19.3 Dirty transmitter dialog buttons 

The buttons along the bottom of the dirty transmitter dialog perform the following functions: 

1. Reset. The contents of the waveform distortion table are reset to the values they held when 

the dirty transmitter dialog was popped up and all edits are discarded. 

2. Restore defaults. The contents of the waveform distortion table are reset to the values 

specified in the Bluetooth Radio Frequency Test Specification. 

3. Apply. The current contents of the waveform distortion table will be used for all future 

transmissions of the relevant packet type and the dirty transmitter dialog is closed. 

4. Cancel. Any edits to the waveform distortion table are discarded and the dirty transmission 

dialog is closed. All future transmissions will use the waveform distortions which were 

present prior to the dirty transmitter dialog being popped-up. 

5. Open. The waveform distortion table will be loaded from an XML file. 

6. Save. The currently displayed waveform distortion table will be saved to an XML file. 

7.3.20 Ramp time 

The time taken for the power to ramp up and down at the start and end of the packet can be 

controlled using the ΨwŀƳǇ ǘƛƳŜΩ spin box. The power ramp profile follows a Chebyshev window. The 

minimum ramp time is 1.1µs and the maximum ramp time is 10µs. 

7.3.21 Front and back porch 

After the power ramp, there is a period of unmodulated carrier prior to the commencement of the 

modulated packet preamble. This period is referred to as the front porch. After the last symbol of 

the payload has been sent, there is a period of unmodulated carrier prior to the down ramp. This 

period is referred to as the back porch. The length of both the front and back porch may be set 

independently using the ΨCǊƻƴǘ ǇƻǊŎƘΩ and Ψ.ŀŎƪ ǇƻǊŎƘΩ spin boxes. The minimum lengths are 0µs 

and the maximum lengths are 25µs. 

7.3.22 Bit error rate 

By default, the wanted signal modulator faithfully outputs the bits as defined by the packet payload. 

However, it is possible to impose random bit errors on the stream entering the modulator. These 

errors are uncorrelated. The bit error rate can be specified using the Ψ.ƛǘ ŜǊǊƻǊ ǊŀǘŜΩ spin box. The 

maximum bit error rate is 0.0625. The resolution of the bit error rate is 0.000001. 

7.3.23 Digital output 

To enable other test equipment to be synchronised with Zircon transmissions, it is possible to toggle 

digital output lines when a packet is being transmitted. The selected lines will be low between 

transmissions and go high during the transmission. 

The TLF3000 unit has 8 digital output lines. All 8 lines are available for signalling packet transmission. 

[ƛƴŜǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ōȅ ǘƻƎƎƭƛƴƎ Ψ·Ω ǘƻ ΨмΩ ƛƴ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ōƻȄΦ 

If a digital output line is specified as monitoring both wanted signal transmissions and modulated 

interferer transmissions, then the state of the line is the logical OR of the two signals. 
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The IO voltage for the lines may be either: 

1. An internal 3.3 V generated supply 

2. An external supply in the range 1.2 V to 5.0 V 

7.4 Programming the modulated interferer signal 

7.4.1 Overview 

Zircon can generate either a packetised or continuously modulated interferer signal. This signal is 

required to perform receiver C/I and intermodulation tests. 

To turn the modulated interferer signal on or off, toggle ǘƘŜ ǎǿƛǘŎƘ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ ΨLƴǘŜǊŦŜǊŜǊΩ text. 

To program the modulated ƛƴǘŜǊŦŜǊŜǊ ǎƛƎƴŀƭΣ ŜȄǇŀƴŘ ǘƘŜ ΨLƴǘŜǊŦŜǊŜǊΩ signal menu by clicking on it: 

 

Figure 6: Programming the modulated interferer signal. 

7.4.2 Carrier frequency 

The frequency of the carrier can be set anywhere between 2395MHz and 2485MHz inclusive in 

1MHz steps by: 

1. using the channel number spin box 

2. using the frequency spin box 

As with all spin boxes, adjustment can be performed either by using the up/down arrows or by 

entering a numeric value into the text field. 

If the receiver intermodulation tests are being performed on channels near the band edges, then the 

required frequency for the modulated interferer signal may fall outside the 2395-2485 MHz band. 
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Under these circumstances it will not be possible to perform the intermodulation test with the 

interferers on one side of the wanted signal. It will always be possible to perform the 

intermodulation test with the interferers placed closer to the band centre than the wanted signal. 

7.4.3 Amplitude 

The amplitude of the modulated interferer signal can be adjusted from -120 dBm to 0 dBm. The total 

combined output power of the unit within the 2.4 GHz ISM band is 0 dBm. Therefore, if other signals 

are active, the maximum output power for the modulated interferer signal will be reduced to 

maintain the peak output power within the 0 dBm limit. 

7.4.4 Modulation 

In the current implementation, only basic rate is supported for the interferer signal. 

No transmitter distortions are applied to the modulated interfering signal. To apply transmitter 

distortions to the interfering signal, use Tanzanite, the TLF3000 Bluetooth traffic generator 

configuration. 

The modulation index is fixed at 0.32. 

7.4.5 Continuous or packetised transmission 

The modulated interferer can be set to be either a packetised transmission or a continuous 

transmission (as required by the C/I and intermodulation tests).  A simple checkbox is provided to 

switch between these two modes. 

When a continuous transmission is selected, the transmission commences with the normal 

preamble, synchronisation word and header. However, the payload is never terminated, leading to a 

continuously modulated GFSK signal. 

The payload of the transmission is always a PRBS15 sequence. 

7.4.6 Payload length 

When in packetised mode, it is possible to specify the packet payload length. This is set using the 

Ψtayload lengthΩ spin box. The minimum payload length is 0 octets and the maximum payload length 

is 339 octets. 

7.4.7 Packet interval 

When in packetised mode, it is possible to specify the interval between packets. The packet interval 

is defined as the time between the start of the preamble of one packet and the start of the preamble 

of the subsequent packet. This interval can be adjusted using the Ψtacket intervalΩ spin box. The 

minimum packet interval is dependent on both the payload length. The maximum packet interval is 

5s. 

The packet interval may change automatically if the payload length is changed. 
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7.4.8 Digital output 

To enable other test equipment to be synchronised with ZirconΩs transmissions, it is possible to 

toggle digital output lines when the modulated interferer signal is being transmitted. The selected 

lines will be low prior to transmission and go high during the transmission. 

The TLF3000 unit has 8 digital output lines. All 8 lines are available for signalling modulated 

interferer ǘǊŀƴǎƳƛǎǎƛƻƴΦ [ƛƴŜǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ōȅ ǘƻƎƎƭƛƴƎ Ψ·Ω ǘƻ ΨмΩ ƛƴ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ōƻȄΦ 

If a digital output line is specified as monitoring both wanted signal transmissions and modulated 

interferer transmissions, then the state of the line is the logical OR of the two signals. 

The IO voltage for the lines may be either: 

1. An internal 3.3 V generated supply 

2. An external supply in the range 1.2 V to 5.0 V 

7.5 Programming the in-band CW signal 

7.5.1 Overview 

Zircon can generate up to 3 in-band (i.e. 2395MHz to 2485MHz) CW interferer signals. These signals 

are required to perform receiver intermodulation tests. The CW signals may also be used to help 

characterise AFH classification algorithms. 

To turn an in-band CW interferer signal on or off, toggle the swiǘŎƘ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ Ψƴth CW 

interfererΩ ǘŜȄǘΦ 

To program an in-band CW interferer signal, eȄǇŀƴŘ ǘƘŜ Ψƴth CW interfererΩ ǎƛƎƴŀƭ ƳŜƴǳ ōȅ ŎƭƛŎƪƛƴƎ 

on it: 

 

Figure 7: Programming an in-band CW interferer signal. 
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7.5.2 Frequency 

The frequency of the in-band CW interferer signal can be set by: 

1. Using the channel number spin box 

2. Using the frequency spin box 

As with all spin boxes, adjustment can be performed either by using the up/down arrows or by 

entering a numeric value into the text field. 

The frequency can be set anywhere between 2395 MHz and 2485 MHz inclusive with a resolution of 

1kHz. 

7.5.3 Amplitude 

The amplitude of the in-band CW interferer signal can be adjusted from -120 dBm to 0 dBm. The 

total combined output power of the unit within the 2.4 GHz ISM band is 0 dBm. Therefore, if other 

signals are active, the maximum output power for the in-band CW interferer signal will be reduced 

to maintain the peak output power within the 0dBm limit. 

7.5.4 Pulsed operation 

Each CW signal can be independently set to either continuous or pulsed. If pulsed operation is 

ǎŜƭŜŎǘŜŘΣ ǘƘŜƴ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ŜŀŎƘ ǇǳƭǎŜ ƛǎ ǎŜǘ ǳǎƛƴƎ ǘƘŜ ΨBurst lengthΩ ǎǇƛƴ ōƻȄΦ ¢ƘŜ minimum burst 

length is 0.1µs and the maximum burst length is 1.6s. The duty cycle of the signal is set using the 

ΨDuty cycleΩ ǎǇƛƴ ōƻȄΦ 

The commencement and cessation of each pulse is abrupt; there is no power ramp up or down. As a 

consequence, power may be splattered across the band at the start and end of each burst. 

7.6 Programming the AWGN source 

7.6.1 Overview 

The AWGN source provides uniform output power from 2395MHz to 2485MHz. This source can be 

used to artificially reduce the signal-to-noise of a signal. The AWGN source can be continuous or 

pulsed. 

To turn the AWGN source on or off, toggle the switcƘ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ ΨAWGNΩ text. 

To program the AWGN source, eȄǇŀƴŘ ǘƘŜ ΨAWGNΩ signal menu by clicking on it: 
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Figure 8: Programming the in-band AWGN source. 

7.6.2 Amplitude 

The amplitude of the AWGN source can be set in the range -162dBm/MHz to -42dBm/MHz. The total 

combined output power of the unit within the 2.4GHz ISM band is 0dBm. Therefore, if other signals 

are active, the maximum output power for the AWGN source will be reduced to maintain the peak 

output power within the 0dBm limit. 

7.6.3 Pulsed operation 

The AWGN source may be set to either continuous or pulsed. If pulsed operation is selected, then 

ǘƘŜ ƭŜƴƎǘƘ ƻŦ ŜŀŎƘ ǇǳƭǎŜ ƛǎ ǎŜǘ ǳǎƛƴƎ ǘƘŜ ΨBurst lengthΩ ǎǇƛƴ ōƻȄΦ ¢ƘŜ ƳƛƴƛƳǳƳ ōǳǊǎǘ ƭŜƴƎǘƘ ƛǎ лΦмҡǎ 

ŀƴŘ ǘƘŜ ƳŀȄƛƳǳƳ ōǳǊǎǘ ƭŜƴƎǘƘ ƛǎ мΦсǎΦ ¢ƘŜ Řǳǘȅ ŎȅŎƭŜ ƻŦ ǘƘŜ ǎƛƎƴŀƭ ƛǎ ǎŜǘ ǳǎƛƴƎ ǘƘŜ ΨDuty cycleΩ ǎǇƛƴ 

box. 

7.7 Programming the out-of-band CW signal 

Zircon can generate an out-of-band CW interferer signal. This signal can be used to perform receiver 

blocking tests. However, the available output power is not sufficient to perform out-of-band 

blocking as specified in the Bluetooth Radio Test Specification. Furthermore, the frequency range of 

the out-of-band blocker does not extend beyond 6GHz, whereas the Bluetooth Radio Frequency Test 

Specification requires testing up to 12.75GHz. 

To turn the out-of-band CW interferer signal on or off, toggle ǘƘŜ ǎǿƛǘŎƘ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ Ψhǳǘ-of-

ōŀƴŘ /²Ω text. 

To program the out-of-band CW ƛƴǘŜǊŦŜǊŜǊ ǎƛƎƴŀƭΣ ŜȄǇŀƴŘ ǘƘŜ Ψhǳǘ-of-ōŀƴŘ /²Ω signal menu by 

clicking on it: 
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Figure 9: Programming the out-of-band CW interferer signal. 

7.7.1 Frequency 

The frequency of the out-of-band CW interferer signal can be set by using the frequency spin box. 

The frequency can be set to any integer MHz between 24 MHz and 6 GHz. 

The Bluetooth Radio Frequency Test Specification requires testing of the blocking performance up to 

12.75GHz. This is beyond the capabilities of the TLF3000 unit. See also the comments on blocking 

amplitude below. 

7.7.2 Amplitude 

The amplitude of the out-of-band CW interferer signal can be adjusted from -50 dBm to -28 dBm. 

The Bluetooth Radio Frequency Test Specification requires blocker levels of -10dBm below 2GHz and 

above 3GHz, and levels of -27dBm between 2GHz and 3GHz. Hence approximate blocking 

performance between 2 and 3GHz can be measured, 

7.8 Programming the cable loss 

The signal generator is able to adjust its output power to compensate for cable loss between the 

Moreph30 and the DUT. The compensation is only for in-band signals, and hence may be inaccurate 

for the out-of-band CW signal. 

¢ƘŜ ŎŀōƭŜ ƭƻǎǎ ƛǎ ǎŜǘ ōȅ ŜȄǇŀƴŘƛƴƎ ǘƘŜ Ψ/ŀōƭŜ ƭƻǎǎΩ ƳŜƴǳΦ 






























































































































































































